A B S T R A C T Stereospecific side-chain hydroxylations of 5,8-cholestane-3a,7a-diol were studied in mitochondrial and microsomal fractions of human liver.
The mitochondrial fraction was found to predominantly catalyze the 26-hydroxylation of 5,3-cholestane-3a,7a-diol with the formation of the 25R-diastereoisomer of 5,8-cholestane-3a,7a,26-triol as the xrnajor product. In the microsomal fraction, on the other hand, 25-hydroxylation was more efficient than 26-hydroxylation and accounted for 6 .4% of the total hydroxylations. The microsomes catalyzed the formation of both diastereoisomers of 5f8-cholestane-3a,7a,26-triol (25R and 25S, 4.2 and 1.6% respectively). These experiments suggest that the initial step in the degradation of the steroid side chain during the biosynthesis of chenodeoxycholic acid in man is mediated by the mitochondria, and involves the formation of the INTRODUCTION 5f3-Cholestane-3a,7a-diol has been postulated as a key intermediate in the biosynthesis of chenodeoxycholic acid (1) . 1 The sequence of reactions that leads to the formation of 5,8-cholestane-3a,7a-diol in man has been studied (2) , but the mechanism of degradation of the side chain has not been completely established. There are indications that one mechanism of side-chain degradation in man involves 26-hydroxylation, because 3a,7a-dihydroxy-5f3-cholestanoic acid has been isolated from human bile and has been shown to be formed from cholesterol and metabolized into chenodeoxycholic acid (3 (11) . The labeled substrate was purified by column and thin-layer chromatography (TLC)2 as previously described (12, 13) , to constant specific radioactivity (1.61 x 107 dpm/,umol; radiopurity 98.8%).
Cofactors. NADPH and DL-isocitrate were purchased from Calbiochem (San Diego, Calif.).
Gas-liquid chromatography (GLC)-mass spectrometry.
The 5,8-Cholestanetriols, as the trimethylsilyl derivatives, were analyzed by GLC-mass spectrometry as previously described (9) (14) . The final pellet was suspended in ice-cold 0.25 M sucrose in a volume of 0.5 ml/1 g liver. The purity of the mitochondrial pellet was determined with the microsomal glucose-6-phosphatase (15) as a marker enzyme, and it was found to be contaminated to about 3% with microsomes. The microsomal fraction was obtained by centrifuging the 2Abbreviations used in this paper: GLC, gas-liquid chromatography; TLC, thin-layer chromatography.
8,500 g supernatant solution for 12 min at 20,000 g. The precipitate was discarded and the supematant solution was centrifuged at 100,000 g for 1 h (16). The microsomal pellet was washed and resuspended in 0.25 M sucrose in a vol of 1 ml/l g liver.
Protein was determined according to Lowry et al. (17 
RESULTS
Identification of the 5,3-cholestanetriols formed from 5f8-[G-3H]-cholestane-3a,7a-diol. The assay system was scaled up 10-fold, and the labeled products formed during a 1-h incubation period were extracted and subjected to TLC on alumina without addition of carriers (see Methods). The bands that corresponded to known triol reference compounds were eluted with methanol and analyzed by GLC-mass-spectrometry. Fig. 2A illustrates the mass spectrum of the biosynthetic 5,8-cholestane-3a,7a,26-triol (25R) obtained from a large scale incubation of human hepatic mitochondria which was identical with that of the authentic compound (Fig. 2B) Table II illustrates the conversioni of 5,f-[G-3H] cholestane-3a,7a-diol into 5fl-cholestane-3a,7a,26-triol, (25R and 25S), 5,l-cholestaine-3a,7a,25-triol, and other 5,f-cholestanetriols by humlan hepatic mitochondria and microsomes. In the mitrochondria, the major product was the 25R diastereoisomer of 5,8-cholestane3a,7a-26-triol (71% of total triols), while in the microsomes 25-hydroxylation was higher (6.4%) than the hydroxylations at C-24 and C-26. Furthermore, the 26-hydroxylation catalyzed by the micirosomal fraction resulted in the formationi of the two diastereoisomers of 5,8-cholestane-3a,7a,26-triol andl amounted to 4.2 and 1.6% of the total hydroxylations for the 25R-and 25S-diastereoisomers, respectively. It should be noted that the major product formiied by the mnicrosomiial fraction was 5,8-cholestaine-3a ,7a,12a-triol (85% of total triols).
DISCUSSION
The results of this paper demonstrate that, in mitanI, hepatic mitochon(dria catalyze predomiinaintly the 26- Chcnleodeoxilcholic Acid B iosn thesis in .M1(an (19) and from man (20) , in which only a single diastereoisomer (25R) of 3a,7a,12a-trihydroxy-5f8-cholestanoic acid, the analogous C27-acid in the cholic acid pathway, was isolated. However, the configuration of 3a, 7a-dihydroxy-5,8-cholestanoic acid isolated either from human bile (3) or from the bile of Alligator mississippiensis (21) has not been established so far, although both isomeric forms of this bile acid have been synthesized and characterized (22) . Recently, an alternate pathway of cholic acid synthesis in man and in the rat has been described which involves 25-hydroxylated intermediates and is catalyzedl by microsomal and soluble enzymes (4) . By ainalogy, a 25-hydroxylation pathway can be postulated in the chenodeoxycholic acid biosynthesis.
The availability of methods for the preparation and identification of the various 58-cholestanetriols (9) has now enabled us to study in greater detail side-chain hydroxylations in subcellular fractions of man, in vitro, using an isotope incorporation procedure. The sensitivity of the method is such that 10 pmol of any 5f3-cholestanetriol formed can be detected (Table II) .
The mitochondrial 26-hydroxylation was stereospecific in that the major product was the 25R-diastereoisomer of 5f3-cholestane-3a,7a,26-triol that amounted to 71% of the total hydroxylations. The ratio of 25R:25S diastereoisomers of 5,1-cholestane3a,7a,26-triol was about 6:1. There was also some hydroxylation at C-24 (24S, 7.5%), but the importance of 5,8-cholestane-3a,7a,24-triol as an intermediate in chenodeoxycholic acid synthesis is not known. In addition, 5,8-cholestane-3a,7a,25-triol was formed to a small extent (3%). Although the mitochondrial fraction was contaminated with microsomes to about 3%, the microsomal hydroxylations were minimal under the conditions employed because the intramitochondrial NADPH generated via NADP-dependent isocitrate dehydrogenase (23) cannot be utilized by the different hydroxylating systems present in the microsomes.
In the microsomes, hydroxylation at C-26 was lower than at C-25 and the two diastereoisomers (25R and 25S) of 5,8-cholestane-3a,7a,26-triol were formed in a ratio of 2.5:1. Small quantities of 5,8-cholestane-3a, 7a,24-triol (24R, 1.3% and 24S, 1.5%) were also detected.
In all the studies described above, a randomly tritiated substrate was used, although specifically tritiated materials are usually preferred (24) . However, 5f3-[G-3H]cholestane-3a,7a-diol could be prepared with a higher specific radioactivity than the 7,8-3H-labeled diol and was therefore used when enzyme activities were relatively low and maximum sensitivity was required for the assay system. In the present case, with rat liver mitochondria (see footnote to 
